Flavonoids are chemical moieties widely distributed in certain plants that are important biologically active constituents of a daily human diet, with significant pharmacological potential (antihepatotoxic, anti-allergic, anti-inflammatory, anti-osteoporotic, and anti-tumor activities). Thus keeping in view the importance of this class of compounds, a rapid method for the separation and identification of fifteen phenols belonging to six different types of phenolics in a sole analysis has been developed and validated using selectivity, precision, recovery, and robustness as parameters. The method developed, which is rapid, accurate, and robust for the analysis of different classes of phenols, can be used in the quality control and standardization of plant extracts as well as herbal drugs, including compound herbal formulations.
Introduction
Most herbal medicines, and food items like grapes and wines, contain a range of antioxidant phenolics, with high-performance liquid chromatography (HPLC) being the most preferred method for their analysis and standardization (1) . Polyphenols are important antioxidants because of their high redox potentials, which allow them to act as reducing agents, hydrogen donors, and singlet oxygen quenchers (2) . They also have metal chelating potential (3) . Plant polyphenolics, such as flavonoids, are described as scavengers of reactive oxygen species via inhibition of oxido-reductases (4) (5) (6) . These compounds have many biological effects upon health promotion and disease prevention. An important protective effect is the reduction of oxidative damage, mediated by lipid peroxidation, which in living systems is strongly associated with mutagenesis, carcinogenesis, ageing and atherosclerosis (7) (8) (9) . Considering the importance of phenolics, an HPLC method, using phenolics as marker components (10) , has been developed as a standardization tool for "Chyavanprash," a widely used herbal formulation in India and elsewhere as a health promotive and disease preventive.
Thus keeping in view its biological importance, a method for the rapid estimation and separation of these phenolics has become a necessity in the development of herbal drugs, nutraceuticals, and cosmaceuticals. Although there have been many different approaches to their analysis, separation and quantitation of the phenolic compounds of a plant extract remains difficult. This is especially true of the simultaneous determination of different groups of phenolics in a sole analysis. HPLC is the method of choice for the analysis of phenolic compounds, due to its extremely high versatility, precision, and relatively low cost (11) (12) (13) . The most frequently preferred method is on-reversed phase (RP) C18 columns, a binary solvent system containing acidified water, a polar organic solvent (acetonitrile or methanol), and UV-vis diode array detection (DAD), which constitute a crucial and reliable tool in the routine analysis of plant phenolics (1, 14) . Obtaining good resolution is considered as the prerequisite for a method targeted at the separation of multiple phenolic groups (12) . According to the most relevant bibliography, the HPLC-DAD chromatographic method seems to be a suitable tool for the separation and quantitation of phenolic compounds in plant extracts (14) . Alternatively, the spectrophotometric method is ideal for quantitative estimation purposes, but this method's shortcoming is that total phenols are indiscriminately measured (11) .
The aim of the present study is to develop an optimized, validated, and simple HPLC method for the separation and identification of the phenolic compounds in a sole analysis, taking six different types of phenolics like benzoic acids, cinnamic acids, flavonol, flavanol, flavone, and flavanone derivatives. An attempt has been made to separate a total of 15 such phenolic derivatives ( Figure 1 ) in a sole analysis of 35 min duration. Once the method is developed, it is validated on the basis of its selectivity, linearity, precision, accuracy, and robustness (15), according to ICH requirements (16) .
Experimental Chemicals
Apigenin, benzoic acid, catechol, chlorogenic acid, epicatechin, ferulic acid, gallic acid, myricetin, naringin, protocatechuic acid, quercitin, rutin, syringic acid, vanillic acid, and vanillin were obtained from Sigma Co. Ltd. (St. Louis, MO). HPLC-grade acetonitrile, water, and phosphoric acid were obtained from Merck (Darmstadt, Germany).
HPLC-DAD system for qualitative and quantitative analysis of phenolic compounds
Analyses were performed in a liquid chromatograph with Waters (Milford, MA) pumps (Waters 515) equipped with an online degasser, a Waters PCM, Rheodyne 7725 injection valve furnished with a 20-µL loop, a Waters 2996 photodiode array detector, and Waters Empower software. Separation was carried out using a Merck Purospher Star (250 × 4.6-mm, i.d., 5-mm pore size) C18 column with guard column of same chemistry.
HPLC fingerprint profile was established for phenolics. Elution was carried out at a flow rate of 0.8 mL/min with water-phosphoric acid (99.7:0. 
Calibration
The contents of the active phenolic compounds were determined using a calibration curve established with seven dilutions of each standard, at concentrations ranging from 2.5 to 200 µg/mL. Each concentration was measured in triplicate. The corresponding peak areas were plotted against the concentration of the phenolic compound injected. Peak identification was achieved by comparison of both the retention time and UV absorption spectrum with those obtained for individual standards. The reference substances used were apigenin, benzoic acid, catechol, chlorogenic acid, epicatechin ferulic acid, gallic acid, myricetin, naringin, protocatechuic acid, quercitin, rutin, syringic acid, vanillic acid, and vanilllin.
Validation parameters Selectivity and peak purity
Using a mixture of phenolics, separation and detection were optimized and selectivity was checked. The purity of the peaks was checked by DAD (λ = 200-400 nm) multivariate analysis. The three spectra corresponding to upslope, apex, and downslope of each peak were computer normalized and superimposed. Peaks were considered pure when there was a coincidence between the three spectra (match factor was ≥ 98%).
Linearity, limits of detection and quantitation
The linearity of the detector response for the prepared standards was assessed by means of linear regression regarding the amounts of each standard, measured in µg, and the area of the corresponding peak on the chromatogram. After chromatographic separation, the peak areas obtained were plotted against the mixture (mixture of standards) concentrations by linear regression. Limits of detection and quantitation were determined by calculation of the signal-to-noise ratio. Signal-to-noise ratios of aproximately 3:1 and 10:1 were used for estimating the detection limit and quantitation limit, respectively, of the method.
Precision
To determine the repeatability of the injection integration, standard solution containing the 15 reference compounds was injected 10 times. The mean amount and relative standard deviation (RSD) values of each constituent were calculated. The precision was calculated at two different concentrations of high and low in the concentration range.
Accuracy
The accuracy of the method was determined by analyzing the percentage of recovery of the phenolics in the mixture.
Robustness
To determine the method's robustness, a number of chromatographic parameters (column package and size, mobile phase composition and gradient ratio, flow rate, and detection wavelength) were varied to determine their influence in the quantitative analysis. Interday and intraday variability was studied for the mixture by injecting the same concentration of the mixture on three different days, and the standard error mean was calculated.
Statistics
When applicable, one-or two-way analyses of variance (SPSS11.0 for window) was used to assess the observed differences in the phenolic content. Differences were considered to be statistically significant when the p-value was < .05.
Results and Discussion
Polyphenolics is a highly inclusive term that covers many different subgroups of phenolic acids and flavonoids. More than 5000 polyphenolics, including over 2000 flavonoids, have been identified, and the number is still growing (17) . Polyphenolics vary in structures: hydroxybenzoic acids and hydroxycinnamic acids have a single-ring structure, while flavonoids can be further classified into anthocyanins, flavan-3-ols, flavones, flavanones and flavonols. Some of the flavonoids such as flavan-3-ols can be found in dimers, trimers, and polymers. Flavonoids are benzo-γ-pyrone derivatives consisting of phenolic and pyran rings. They consist of benzene rings (A) and (B), comprising an oxygen-containing pyran ring (C). The differences in substitution on ring (C) distinguishes the different classes of flavonoids (Figure 2) .
A HPLC method for the separation and quantitation of six different types of phenolics with a total of 15 different phenolics in a sole analysis has been developed ( Figure 3) . The spectra of each of the phenols was also recorded and analyzed to study the method precision and for simple identification of the compounds The retention times (tR) are the mean of 10 replicates ± S.D. *Values expressed in µg/mL.
( Figure 4 ). The HPLC method was validated by defining the linearity, peak purity, limits of quantitation and detection, precision, accuracy, specificity, and robustness. For qualitative purposes, the method was evaluated by taking into account the precision in the retention time, peak purity, and selectivity of phenolic compounds eluted. A high repeatability in the retention time was obtained with RSD values lower than 5% for both standards and a mixture of phenolics even at high concentration. The peak purity was studied in mixture of phenolics. In no case were impurities or coelutions observed (match factor ≥ 93%). Linearity, limit of detection (LOD), limit of quantitation (LOQ), accuracy, and precision were evaluated for quantitative purposes ( Table I) . LOD values ranged from 0.6 to 1.97 µg/mL, and LOQ values from 3.9 to 7.8 µg/mL, which suggested full capacity for the quantitation of each phenolic compound investigated. R 2 values of the phenolic compounds were higher than 0.92, thus confirming the linearity of the method. The high recovery values from the mixture of phenols (close to 91%) and a high repeatability indicated a satisfactory accuracy in the proposed method. Likewise, the accuracy was independent of both the compound concentration and the chemical structure. Finally, the robustness of the method was assessed. Minor modifications of the initial mobile phase gradient (from 7 to 18% solvent B instead of 12%) had no major effect on the peak resolution of the compounds: all the peaks were well-resolved, with no merged peaks, though there was a minimal shift in the retention time (RT). With a reduction in the column size from 250 × 4.6 mm to 150 × 3.9 mm, there was a reduction in the RT of all the peaks by 1.5-1 min, but there was a minimal impact in the resolution of the peaks. The same was the case during the change in flow rate. Therefore, this HPLC method can be regarded as selective, accurate, precise, and robust, and has a wide scope in the area of natural product drug development and their quality control and standardization. 
